Invasive fungal infection (IFI) caused by Lecythophora mutabilis occasionally occurs in patients with impaired host immunity; such patients had eosinophilia at onset, and surviving patients were treated with fungal cell-membrane-targeted drugs. An 18-year-old man with mitochondrial encephalomyopathy accompanied with refractory anaemia and chronic renal failure developed septic shock caused by L. mutabilis, which was detected from a blood culture, and was identified morphologically and genetically. During the course of the infection, he had eosinophilia, although b-D-glucan levels were within the normal range. He was treated with micafungin, but deteriorated and died, despite his treatment being changed to liposomal amphotericin B. On the basis of this we suggest that IFI caused by L. mutabilis should be suspected when a compromised host develops infection and eosinophilia, and that antifungal drugs that target b-D-glucan are not advisable.
Introduction
Marked advances in medical science and healthcare, especially the progress of anti-cancer drugs for treating patients with malignancies, immunosuppressant drugs for those with autoimmune disorders, and haematopoietic or organ transplantations, have resulted in the improvement of individual and familial quality of life. However, these treatments sometimes induce decreased host immunity, and consequently the incidence of opportunistic infection, notably fungal infections, has increased (Revankar et al., 2002; Brandt & Warnock, 2003; Lai et al., 2008) . The problems of dealing with fungal infections include difficulties in performing early and precise diagnosis, and subsequent appropriate antifungal therapy with relatively fewer side effects compared to antibacterial agents (Lai et al., 2008) . As a result, patients with fungal infection have a high mortality rate (Lai et al., 2008) .
Among infections in humans caused by pathogenic moulds, phaeohyphomycosis is a rare infection caused by dematiaceous fungi, which are widely distributed in the environment and are characterized by the presence of melanin or melanin-like pigments in the cell walls of their hyphae, conidia or both (Revankar et al., 2002; Brandt & Warnock, 2003) . More patients are becoming infected by these fungi as the number of immunocompromised people has continued to increase. Herein we describe a case of septic shock caused by a dematiaceous fungus, Lecythophora mutabilis, in a patient with mitochondrial encephalomyopathy.
Case report
An 18-year-old man was admitted to Shimane University Hospital because he received antibiotics for aspiration pneumonia. He had been suffering from mitochondrial encephalomyopathy since he was 3 years old, and was bedridden and on a mechanical respirator due to the advanced state of his original disease. He had two complications: transfusion-dependent refractory anaemia and chronic renal failure that was being treated with peritoneal dialysis. Two weeks after admission, his aspiration pneumonia improved, but he presented with watery diarrhoea, without a fever. The diarrhoea gradually worsened, and his C-reactive protein (CRP) concentration was elevated (146 mg l 21 ), although his white blood cell count was 5500 cells ml
21
, with 45 % neutrophils, 13 % eosinophils, 21 % monocytes and 21 % lymphocytes. At this time, his b-D-glucan level was 10.4 pg ml 21 (normal value ,11.0 pg ml
). Meticillin-resistant Staphylococcus aureus (MRSA), but not Clostridium difficile, was detected from his stool culture. Neither oocysts nor parasites were found in faecal samples, nor were viruses. He was diagnosed with MRSA enteritis, and his symptoms and clinical characteristics improved after treatment with oral vancomycin (VCM) (Fig. 1) . One week after the initiation of VCM therapy, a yeast-like fungus grew in a blood culture from a sample collected on the day the treatment for MRSA enteritis commenced. The shape of this fungus was similar to Trichosporon (Fig. 2 ), but we could not identify this fungus as L. mutabilis. Antifungal therapy [micafungin (MCFG) 5 mg kg 21 per day] was started, although the patient's b-D-glucan level was within the normal range (8.7 pg ml
) and no fungus was detected in his blood at this point ( Fig. 1 ). He presented with no symptoms, but his CRP level slowly elevated again. Seven days after treatment with MCFG, deterioration of consciousness, bradycardia, hypotension and oxygen desaturation suddenly occurred, and leukocytosis (15 290 ml 21 ) and an elevated CRP level (165 mg l 21 ) were recognized, and a chest X-ray showed a consolidation shadow on the right upper lobe of the lung. X-ray and computed tomography examinations of the gut indicated that a perforation was unlikely. His b-D-glucan level was still within the normal range (9.0 pg ml 21 ). He was diagnosed with septic shock due to bacterial pneumonia. In spite of intensive therapy, including antibacterial therapy (linezolid and ciprofloxacin, and c-globulin), cardiovascular agents and respiratory management, his condition worsened. Considering that the pathogen was likely to be a fungus, because antibacterial treatment was not effective, 3 days after the septic shock was diagnosed we changed his treatment from MCFG to liposomal amphotericin B (L-AMB) (3 mg kg 21 per day), and his b-D-glucan level fell to less than the detection value 3 days after treatment with L-AMB; however, his condition deteriorated and he died due to multiple organ failure. Later, a yeast-like fungus, which was the same as that detected previously, was found in a blood culture collected on the day of septic shock, strongly suggesting that the cause of septic shock was the fungus.
The detected fungus was grown at 37 u C in liquid culture that included trypticase soy broth with peptone, brain heart infusion bouillon and activated carbon (Fig. 2a) . By subculturing the fungus at 25 u C for 22 days on potato dextrose agar (PDA) and Sabouraud dextrose agar (SDA) media giant colonies formed on both media (Fig. 2b) . The colony on PDA medium was cream-coloured with toroidal pale-brown pigmentation, and the colony on SDA medium became salmon-coloured with central brown pigmentation (Fig. 2b) . For identification at the species level, slide cultures were made using giant colonies to observe the relative arrangement of conidia and conidia-bearing structures. Slide cultures revealed that this fungus had bottle-shaped or urceolate conidia-producing cells, phialides, and produced elliptical conidia and brown chlamydospores with smoothly shaped walls (Fig. 2c) . The basal septum of phialides was absent (Fig. 2c) . These results demonstrated that the fungus was likely to be a dematiaceous fungus, L. mutabilis. To confirm the diagnosis genetically, we extracted DNA from the fungus and determined the base sequence of large subunit (26S) rRNA-encoding gene (LSUrRNA) D1/D2 domain of L. mutabilis (Abliz et al., 2004) . The isolated base sequence of the D1/D2 domain of LSUrRNA from L. mutabilis had complete homology to that (GenBank accession number AF353604.1) of L. mutabilis isolated in the past (data not shown). As a result, we could genetically identify the fungus as L. mutabilis. In addition, we examined the susceptibility of L. mutabilis to antifungal agents in vitro. At 48 h the fungal cells were sensitive to AMB (MIC 0.25 mg ml 
Discussion
L. mutabilis, a dematiaceous fungus, is reported to be a rare pathogen with regards to human infection (Revankar et al., 2002; Lai et al., 2008) and only eight patients have been reported (Pierach et al., 1973; Slifkin & Bowers, 1975; Ahmad et al., 1985; Pritchard & Muir, 1987; Ho et al., 1991; Marcus et al., 1999; Scott et al., 2004; Drees et al., 2007) . The age of the patients at diagnosis was a mean of 49 years old (range 25-61 years old). Infection with L. mutabilis consisted of two disorder groups: invasive fungal infection (IFI) and ocular disease. Regarding four patients with IFIs reported elsewhere, three were diagnosed with endocarditis and one with peritonitis (Pierach et al., 1973; Slifkin & Bowers, 1975; Ahmad et al., 1985; Drees et al., 2007) . Three (75 %) of the four patients had IFI based on impaired host immunity, including rheumatic fever, diabetes mellitus and polycystic kidney with continuous ambulatory peritoneal dialysis (Slifkin & Bowers, 1975; Ahmad et al., 1985; Drees et al., 2007) . Three (75 %) of the four patients presented with eosinophilia (Pierach et al., 1973; Slifkin & Bowers, 1975; Drees et al., 2007) . Eosinophilia was also found in 11 % of infections caused by dematiaceous fungi, although it was unclear why eosinophilia occurred (Revankar et al., 2002) . L. mutabilis was detected in valve vegetation in patients with endocarditis, and in peritoneal fluid in a patient with peritonitis; however, no L. mutabilis was detected from the blood of patients with IFIs (Pierach et al., 1973; Slifkin & Bowers, 1975; Ahmad et al., 1985; Drees et al., 2007) . Two (50 %) of the four patients with IFI died without receiving antifungal therapy (Pierach et al., 1973; Slifkin & Bowers, 1975) . The other two survivors required long-term antifungal treatment of 38 weeks and more than 2 years, respectively (Ahmad et al., 1985; Drees et al., 2007) . Our patient was diagnosed with septic shock caused by L. mutabilis, which was detected from his blood. His host immunity was decreased due to refractory anaemia and chronic renal failure; he also had eosinophilia. Our case is believed to be the first report of septic shock from L. mutabilis, which was confirmed by the detection of L. mutabilis from blood culture. He died although antifungal treatment was started 1 week after the detection of L. mutabilis in his blood. These results suggest that rare IFIs caused by L. mutabilis should be suspected when the compromised host develops Septic shock caused by Lecythophora mutabilis infections with eosinophilia, and might resolve if early and appropriate antifungal treatment is provided.
Early and accurate diagnosis of IFI is difficult; therefore, patients with IFI have a high mortality rate (Lai et al., 2008) . In blood culture and histopathological examinations, it takes a long time to identify the mould, and the sensitivity and specificity of the tests are insufficient (Yeo & Wong, 2002; Lai et al., 2008) . We also required 1 week to confirm the fungus in blood culture and it could not be detected when we re-examined the blood culture before commencing antifungal treatment. Recently, various detection methods have been developed with representative methods including the detection of: fungal cell-wall components (galactomannan and b-D-glucan), fungal DNA by PCR, and distinctive fungal metabolites (Darabinitol and mannitol) (Yeo & Wong, 2002 ). When we serially measured b-D-glucan, all measured samples were within the normal range (,11.0 pg ml 21 ); however, interestingly, b-D-glucan decreased to below the detection range after we changed the treatment from MCFG to L-AMB. MCFG has an antifungal action that inhibits the synthesis of b-D-glucan, while L-AMB binds to ergosterol, part of the fungal cell membrane, resulting in increased permeability of the fungal membrane, and induces cell death. Detection of b-D-glucan is useful for detecting Candida, Aspergillus and Fusarium spp., but not zygomycetes and Cryptococcus, which contain little or no b-D-glucan (Yeo & Wong, 2002; Lai et al., 2008) . b-D-Glucan has never been measured in patients with IFI from L. mutabilis, and there are no reports on whether or not L. mutabilis contains b-Dglucan; however, the decline of b-D-glucan levels in our patient suggested that L. mutabilis might contain little b-Dglucan. A fungal susceptibility test indicated that L. mutabilis was resistant to MCFG in our study. Two surviving patients with IFI from L. mutabilis received a combination of AMB lipid complex and voriconazole, and miconazole and ketoconazole (Ahmad et al., 1985; Drees et al., 2007) . We administered MCFG, an antifungal with relatively few side effects, prior to the identification of this fungus as L. mutabilis, as the patient had chronic renal failure. However, our patient deteriorated during treatment with MCFG, suggesting that it is inadvisable to use antifungal drugs that target b-D-glucan when L. mutabilis infection occurs.
